The establishment of clonal lines of cultured eukaryotic cells stably expressing introduced genes is a powerful experimental strategy. Typical procedures require the isolation of transfected cells from individual colonies that arose after some form of positive -growth selection, such as resistance to antibiotics. For anchorage-dependent lines, sterile cylinders ("cloning rings") are placed over colonies and adhered to the dish with silicone grease, after which the colonies are dispersed in a trypsin-EDTA solution (2) . Viable cells from each colony are then grown for analysis.
While conceptually simple, there are technical difficulties with this method. For example, it can be difficult to place cloning rings precisely over a single colony, particularly if the colony is closely adjacent to other colonies or is larger than the interior diameter of the ring. Also, the bond created by the sealing grease between the dish surface and the cloning ring is fragile and susceptible to disruption if bumped by a transfer pipet.
To circumvent the use of cloning rings, my laboratory for several years has used a simple alternative method that we refer to as the "scratch-andsniff" method. Briefly, colonies are isolated by simultaneous scraping and aspiration into a micropipettor tip, then dispersed and grown in 24-well plates.
Cells are transfected on 100-mm plates and subjected to selection until colonies of resistant cells are apparent. Identify colonies that are well -formed and distinct from neighboring colonies. Circle them on the bottom of the dish with a fine-tipped marker. This may not require a microscope if the colonies are distinct and well -distributed. Some inverted microscopes have an "object marker" that can be added to the nosepiece in place of an objective; when a colony is viewed (centered) in the microscope, the object marker can be used to demarcate its position in the dish. If no object marker is available, colonies can be marked by moving the nosepiece to a position between objectives, leaving a space on the microscope stage through which a pen can be inserted to mark the dish. It is helpful to label the colonies to be isolated by placing a number on the dish by each circle.
Rinse dishes containing colonies with a protein-free, sterile, balanced saline solution (2 rinses of 10 mL each). This removes serum factors that block trypsin activity. Depending on the cell type and the degree to which the cells adhere to the dish, it may be essential to use a saline solution that contains Ca 2+ and Mg 2+ so as to retain colony attachment. Place 5 mL of sterile saline solution on the plate. Place 200 µ L sterile trypsin solution into wells of 24-well plate. Number the wells according to the colony numbering on the dish.
Harvest individual colonies by simultaneously scraping and aspirating into a micropipettor. Place a sterile tip on a P-200-type pipettor set for 150 µ L. Evacuate the pipet tip, place onto colony and slowly fill the pipettor while scraping the colony area with the tip. This can be repeated, if necessary, to maximize recovery from the colony. Transfer cell suspension to wells containing trypsin; incubate 5-15 min. Disperse cell clumps by pipetting. This can be accomplished with gentle pipetting with a P-200 tip or, if the cell type is fragile, a sterile Pasteur or 1-mL pipet can be used. Dispersing at least some of the cell clumps is usually essential for subsequent viability. Stop the trypsin reaction with 1 mL culture medium containing 5%-10% serum. Replace the medium in each well after the cells have attached firmly, usually 2-5 h. It is common for the individual cells to adhere near the wall of the well. This is not a problem, in that the cells will cover the well as they proliferate. Remaining clumps of cells that were not dispersed may or may not survive.
We have used this technique to clone stably transfected murine C2C12 myoblastic cells (1), Ltk -cells (Karin and Settle, unpublished results) and ROS 17/2.8 osteosarcoma cells (Liu, Li, Karin and Farach-Carson, unpublished data). The method requires less dexterity than the traditional protocol and has been mastered quickly by individuals of varied skill levels. We have experienced only rare cell losses that we can attribute to mechanical damage; in our most recent use of this method, viable cells were propagated from each of the 140 osteosarcoma cell colonies that were scrape -harvested (R. Liu and N.J. Karin, unpublished) . The scratch-andsniff method does not require that the colonies be more widely spaced than for the cloning-ring method, and while we have not performed a systematic comparison, the scratch-and-sniff method should not suffer from a higher incidence of colony cross contamination than the traditional protocol if the selected clones are distinct from one another on the dish.
Tetracycline-Resistant Gene Cassette Designed for Construction of Mutant Libraries of a Target Gene
BioTechniques 27:682-685 (October 1999) A common initial mutagenic approach to study a cloned gene is to generate relatively large changes throughout the entire open reading frame (ORF) of the gene (3, 9) . These large mutations include a systematic, partial deletion of the ORF or insertions of a stretch of DNA sequences (e.g., an oligonucleotide linker) into various locations on the gene. Information provided by this initial study may lead to more subtle changes (e.g., base substitutions) in defined regions. Many protocols have been developed to generate deletions (4-8). Among them are simple removal of the desired region using available restriction enzyme sites, exonucleasedependent, progressive digestion of the region of interest after random/nonrandom single cleavage of the ORF and oligonucleotide-mediated, "loop-out" mutagenesis. Insertion of an oligonucleotide linker involves a single cut of the ORF with chemicals and/or enzymes followed by ligation with the linker or oligonucleotide-mediated, "loop-in" mutagenesis (1, 2, 4, 8, 10) . Each mutagenized clone must be subjected to sequencing analysis to confirm both location and integrity of the mutations. Although in vitro mutagenesis provides valuable information about the structure and function of the gene of interest, obtaining a library of well-defined mutant clones is a time-consuming process. To facilitate the construction of such mutant libraries of a given gene, a mutagenic cassette was designed for a systematic mutagenesis strategy.
The approach involves the insertion of a 1.6-kb DNA fragment into various positions throughout the entire ORF of the target gene. This fragment, named the tetracycline (Tc) cassette, consists of the tetracycline-resistant (Tc r ) gene and flanking sequences at both ends of the Tc r gene ( Figure 1A) . The Tc r gene serves as a marker of insertion, and recombinant clones can be selected in the presence of Tc. The flanking sequences have an Sal I site followed by stop codons in all three frames of translation. The first step of this protocol is to introduce a random single cleavage into the target gene (Figure 2, step A) . This may be done by using one or a mixture of restriction enzymes that cuts the target gene frequently and leaves a blunt end. Alternatively, enzymes that produce a 5 ′ or 3 ′ overhanging end can be also used followed by Klenow or T4 polymerase treatment. The Tc cassette cloned in the pBluescript ® KS(+) Benchmarks
